A B S T R AC T
I N T R O D U C T I O N
Left ventricular assist devices (LVADs) have become a standard therapeutic strategy to bridge patients with endstage heart failure to transplantation [Peterze 2002; Kherani 2004] . Despite an increasingly critically ill population in which they are used, the majority of patients undergoing LVAD implantation survive to eventual heart transplantation, and long-term survival may be superior to that of medically managed recipients [Aaronson 2002 ]. However, controversy remains regarding the optimal timing and patient population in which to perform transplantation after LVAD placement [Gammie 2004 ].
In 1995, Oz et al developed a scoring system for LVAD recipients to facilitate patient selection and better predict those who would benefit from this intervention [Oz 1995] . As LVAD technology became more advanced and their use was expanded to sicker patients, the scoring system was revised in 2002 to more accurately reflect these changes [Rao 2003 ]. This scoring system has demonstrated the ability to accurately predict mortality following LVAD implantation. What remains to be seen, however, is whether sicker patients (with higher scores) have comparable survival and morbidity to those with lower scores after undergoing eventual heart transplantation. Addressing this question is the goal of this study.
M E T H O D S
One hundred fifty-three LVAD recipients who underwent cardiac transplantation at 2 institutions, New York Presbyterian Hospital and Columbia University (September 1996 -May 2002 and Duke University Medical Center (May 1996 -May 2003 , were included in this study. The length of followup ranged from 456 to 2987 days, with a mean of 1405 days.
The LVAD scoring system currently is based on a scale of 10 points, with an inverse relationship between score and clinical stability [Rao 2003 ]. At the time of LVAD implantation, 4 points are assigned if the patient is ventilated, 2 points if the implantation is performed in the setting of postcardiotomy shock, 2 points if the patient already has an extracorporeal LVAD in place, 1 point if the central venous pressure is greater than 16 mmHg, and 1 point if the prothrombin time exceeds 16 seconds. Each patient in this study was assigned to one of 2 groups. The highly scored group (group H) comprised patients with pre-LVAD scores in the range of 6 to 10. The lower-scored group (group L) included patients with scores of 0 to 5. Pertinent clinical demographics and duration of support time were compared between groups. Outcomes measured included 30-day mortality and long-term survival, duration of ventilatory support, duration of inotropic support, and length of stay in the intensive care unit posttransplantation.
Does
Approval for device implantation was obtained from the institutional review board at both institutions, and informed consent was obtained from each patient. The procedures followed were in accordance with institutional guidelines. Categorical data are expressed as absolute or percentage frequency values and were compared with χ 2 or Fisher exact tests where appropriate. Continuous variables are expressed as the mean ± standard deviation (SD) or standard error mean (SEM) and were compared using independent sample t tests. For all analyses, P < .05 was considered statistically significant. KaplanMeier analysis was used to calculate survival along with a logrank P value when comparing groups. Actuarial survival at 1, 3, and 5 years posttransplantation was calculated by constructing life tables. All data were analyzed using GraphPad Prism software (GraphPad Software, San Diego, CA, USA).
R E S U LT S
A total of 153 patients were included in this study. After scoring analysis, there were 112 patients in group L and 41 in group H. Mean age for group L and group H was 49 ± 1.18 and 48.9 ± 2.4 years, respectively (Table 1) . There was a significantly higher percentage of women in group H (32% versus 12%, P = .007). There were no significant gender differences among groups. Coronary artery disease leading to ischemic cardiomyopathy was the most common etiology of heart failure in group H (73%), while patients in group L were more likely to present with an idiopathic cardiomyopathy (59%). Postcardiotomy shock was common in group H (54%), but extremely rare in group L (1%). Mean duration of LVAD support was comparable between the 2 groups (76.25 ± 5.9 versus 70.3 ± 10 days, P = .60)
The overall 30-day posttransplantation mortality was 5.2%, and was not significantly different between groups (4.46% for group L versus 7.32% for group H, P = .445) ( Table 2 ). Posttransplantation actuarial survival for all LVAD recipients at 1, 3, and 5 years was 88%, 83%, and 75%, respectively (Figure 1 ). The survival rate was similar between groups: 87%, 86%, and 76%, at 1, 3, and 5 years, respectively, for group L, as compared to 90%, 83%, and 70% for group H (Figure 2 ). The overall 8-year posttransplantation actuarial survival for all patients was 72.3% ( Figure 1 ). Analysis of 8-year actuarial survival yielded a log-rank P of .66 in a comparison between groups (Figure 2) . No difference between the 2 groups was seen with regard to number of posttransplantation days requiring mechanical ventilation (2.83 ± 0.49 group L versus 3.3 ± 0.72 group H, P = .59) or intensive care unit monitoring (6.38 ± 0.77 versus 6.97 ± 1.13, P = .68) ( Table 2 ). However, group L had a significantly decreased duration of inotrope support (5.57 ± 0.45 versus 7.74 ± 1.0 days). Thirty-day mortality was 4.5% (5/112) in group L and 7.3% (3/41) in group H (P = .44, Fischer exact test).
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D I S C U S S I O N
LVADs represent the standard of care in treating endstage heart failure, conferring significant advantages in terms of mortality and quality of life over medical therapy alone [Rose 2001] . It has also been demonstrated that status 1 heart transplantation candidates receiving an LVAD versus inotrope therapy alone have improved clinical and metabolic function, leading to a survival advantage 6 months following transplantation [Bank 2000] . Using a scoring system as a measure of preimplantation medical stability, it has been demonstrated that LVAD recipients scoring less favorably (higher score) fare worse after implantation than patients with lower scores [Oz 1995; Rao 2003 ].
In contrast, this study demonstrates that if patients who are at high risk to undergo LVAD implantation (high score) are able to survive to eventual transplantation, their postoperative morbidity and survival are comparable to a lower-risk group. These data suggest that it is worthwhile proceeding to transplantation in high-risk LVAD recipients, as there is a high likelihood of long-term success.
This study has a number of limitations, including those related to any retrospective analysis. The decision to divide LVAD recipients into high-and low-scoring groups was arbitrary and may have introduced unintended bias. The effect of an increased percentage of women in group H remains unclear. As might be expected, the critically ill patients (group H) were more likely to suffer from postcardiotomy shock and coronary artery disease, yet they had comparable outcomes to the healthier recipient group. Importantly, only those patients in both groups who were deemed stable enough after LVAD implantation to receive heart transplantation were included in this study, and their clinical success emphasizes the importance of surgeon judgment and patient selection in heart transplantation. Finally, data from 2 different medical centers were combined to enhance the statistical power of this study and to limit institutional bias. However, this multi-institutional approach may mask important differences in program-specific practice patterns or outcomes.
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